One of the most fundamental attributes of a habitat is its size. Habitat size is known to affect several aspects of ecological communities including the number of species (Preston 1962) , the size of populations (Bender et al. 1998) , and the trophic structure of the food web (Post et al. 2000) . Such effects on community structure may also have consequences for the ecological processes carried out by communities (Wardle et al. 1997) . A number of studies show impacts of fragment size on ecosystem functions including, herbivory (Valladares et al. 2006) , decomposition (Klein 1989) , and pollination (Cunningham 2000) . However, other studies have found no effect of habitat size on these ecosystem functions (Donaldson et al. 2002 [herbivory] , Schnitzler et al. 2011 [pollination] , Neame et al. 2013 [pollination] ). It is important to understand the underlying mechanisms of this context-dependence in the relationship between habitat size and ecosystem functions if we are to accurately predict such relationships in a given geographical or systematic context.
There are a number of potential explanations for why habitat size sometimes, but not always, affects ecosystem Geographic shifts in the effects of habitat size on trophic structure and decomposition Robin M. LeCraw, Gustavo Q. Romero and Diane S. Srivastava R. M. LeCraw (lecraw@zoology.ubc.ca) and D. S. Srivastava, Biodiversity Research Center and Dept of Zoology, Univ. of British Columbia, Vancouver, Canada. -G. Q. Romero, Depto de Biologia Animal, Univ. Estadual de Campinas (UNICAMP), São Paulo, Brazil. Habitat size is known to affect community structure and ecosystem function, but few studies have examined the underlying mechanisms over sufficient size gradients or in enough geographic contexts to determine their generality. Our goal in this study was to determine if the relationship between habitat size and leaf decomposition varied across geographic sites, and which factors may be driving the differences. We conducted replicated observations in a coastal forest in Brazil, and in rainforests in Costa Rica and Puerto Rico. We used leaf litter decomposition and macroinvertebrate composition in bromeliad phytotelmata of varying sizes to determine the relationships between habitat size, trophic structure and decomposition over a wide geographical range. We experimentally disentangled the effects of site and litter quality by quantifying invertebrate control of decomposition of a native and a transplanted litter type within one site. We found that the relationship between bromeliad size and decomposition rates differed among study sites. In rainforests in Costa Rica and Puerto Rico, decomposition was strongly linked to macroinvertebrate trophic structure, which varies with bromeliad size, driving strong bromeliad size-decomposition relationships. However, in Brazil there was no relationship between bromeliad size and decomposition. Our manipulative experiment suggests that within coastal forest in Brazil, the poor quality of native litter resulted in little invertebrate control of decomposition. Furthermore, the key detritivore in this site builds a predator-resistant case, which likely prevented effects of bromeliad size on trophic structure from being transmitted to decomposition even when litter quality was increased. We conclude that differences in both leaf litter quality and macroinvertebrate traits among sites determine the link between decomposition and macroinvertebrates, and consequently the decomposition-bromeliad size relationship. These results show that the response of decomposition to habitat size is context-dependent, and depends on which component of the food web is the main driver of the function. (Petersen and Cummins 1974 , Sangiorgio et al. 2004 , Cusack et al. 2009 ), both of which influence the role of the microbial community in decomposition (Hieber and Gessner 2002) . Decomposition is also under top-down control, directly via macroinvertebrate detritivores (Graça 2001) and indirectly via trophic cascades initiated by invertebrate or vertebrate predators of the detritivores (Greig and McIntosh 2006 , Mancinelli et al. 2007 , Lecerf and Richardson 2011 .
Determining the sensitivity of leaf decomposition rates to habitat size requires identifying the main drivers of decomposition in the system, and the response of those drivers to habitat size. In freshwater aquatic systems, shredder macroinvertebrate species are often the primary drivers of decomposition (Hieber and Gessner 2002) , and these can be regulated by large-bodied predators which tend to be more sensitive to habitat size (Holt et al. 1999 , Williams et al. 2003 , Drakare et al. 2006 , Winkelmann et al. 2007 , Srivastava et al. 2008 . Thus, we predict that as habitat size increases, predators become more abundant, reducing the abundance of decomposer species and reducing rates of decomposition (Sangiorgio et al. 2010) . Conversely, in systems lacking large-bodied predators, detritivorous macroinvertebrates increase in abundance with habitat size, thereby increasing rates of decomposition.
Bottom-up control can also be important when leaf litter quality determines the rate of decomposition. The chemical composition of litter can determine the relative importance of microbes and macroinvertebrates in the decomposition processes. For example, leaves with low soluble carbohydrate and high lignin content are resistant to macroinvertebrate detritivores (Mukhopadhyay et al. 2014 ). Thus, we would expect that in systems with less labile leaf litter as a resource base, macroinvertebrates would be less effective in litter breakdown due to physical limitations of the macroinvertebrates' ability to consume leaves. As macroinvertebrate communities tend to vary more with habitat size than microbial communities (Farjalla et al. 2012 ), a decoupling of decomposition from macroinvertebrate control in turn may weaken the relationship between habitat size and decomposition.
The water-filled leaf wells of bromeliads in the neotropics provide a contained aquatic habitat ranging from a capacity of a few millilitres up to more than two litres, in which we can measure the effect of habitat size on ecosystem function. Bromeliads contain a food web based on fallen leaf litter supporting macroinvertebrate prey species -composed of detritivores feeding directly on leaf litter, as well as filterers and grazers on algae and the microbial community -and predators. The dominant predators in the bromeliad phytotelmata are often damselfly nymphs (Odonata: Zygoptera), which are large-bodied relative to their prey, voracious generalists, and have been demonstrated to be sensitive to habitat size in several sites (Petermann et al. 2015 , Romero et al. 2016 . In Costa Rica, damselfly nymphs show a distinct bromeliad size threshold, below which they will not colonize bromeliads, likely due to the more frequent drying of small bromeliads (Srivastava et al. 2008, Amundrud and Srivastava 2015) .
The geographic range of bromeliads from Florida to Argentina allows us to examine context-dependence of functions within similar study systems, and therefore determine if variation in the published effects of habitat size may be due to differences among study sites. The geographic range of our study system encompasses a range of characteristics in the predator and prey (detritivores, filterers, and grazers) community and in leaf litter quality. Three sites were chosen to compare differences in the top-down and bottom-up characteristics. Bromeliads on Ilha do Cardoso in Brazil support multiple species of large-bodied odonates, and those in Guanacaste, Costa Rica support one species of odonate, whereas on the relatively isolated island of Puerto Rico, bromeliads lack a large-bodied predator. The quality of the common species of leaf litter found in bromeliad tanks also varies. In general, leaves from Melastomataceae trees in the montane rain forests of Costa Rica and Puerto Rico are relatively soft and labile with low lignin content (e.g. 13% in Miconia prasina) (Prather 2010 ) compared with leaves of the Myrtaceae trees in Brazil coastal restinga, which are tougher with much higher lignin content (e.g. 18-35% by mass in Psidium guajava) (Camarena-Tello et al. 2015) . These differences in the chemical composition of leaf litter can affect the ability of macroinvertebrates to break down the litter (Goncalves et al. 2007, Graça and Cressa 2010) . By comparing these three sites, we can test the effects of variation in top-down and bottom-up controls on decomposition in different sites.
In this study, we examined how bromeliad size affected trophic structure and detrital decomposition in sites in Brazil, Costa Rica, and Puerto Rico. We used three complementary approaches: 1) we measured rates of decomposition using litter bags with common native leaf species in a range of bromeliad sizes, in each of the three sites, 2) we used survey data of macroinvertebrate food webs in the three sites to determine how trophic structure varies with bromeliad size and 3) we compared decomposition of representative 'high quality' and 'low quality' species of leaf litter in a common site (Brazil) to disentangle the effects of leaf quality and macroinvertebrate processing on decomposition. We used these data to test two alternative hypotheses. 1) Sites with large-bodied top predators are expected to both have strong predator-detritivore-detritus trophic cascades, as well as positive effects of habitat size on predators. The combination of these two patterns should result in a positive relationship between habitat size and predator:prey biomass ratios but a negative relationship between habitat size and decomposition. Specifically, we predict that the presence of predatory damselflies in Costa Rica and Brazil, coupled with a preference of damselflies for larger bromeliads, will result in strong top-down control on detritivores (high predator:prey biomass ratios) and preferentially reduce leaf litter decomposition in large bromeliads in these two sites. As such top-down effects are a consequence of detrital processing by macroinvertebrates, bromeliad size will only affect decomposition in litter bag treatments that permit macroinvertebrate access. Puerto Rican bromeliads, lacking damselflies, would be expected not to show any effect of habitat size on either the predator:prey biomass ratio or decomposition.
2) Sites or treatments with lower leaf litter quality will have limited top-down effects of macroinvertebrate detritivores on decomposition. Therefore any effect of habitat size on predator:prey biomass ratios will not transmit into an effect of habitat size on decomposition. Specifically, we predict that low leaf quality in the Brazilian restinga forest will lead to limited macroinvertebrate processing, decoupling any top-down control on detritivores from litter decomposition rates. Instead most decomposition would be expected to be microbial in nature, and unrelated to bromeliad size. Such a mechanism would be supported if transplanting more palatable litter from the rainforest to the restinga in Brazil resulted in increased macroinvertebrate processing, especially in those bromeliad sizes with few predators.
Material and methods

Study sites
Parque Estadual Ilha do Cardoso, is located at 25.00°S, 47.92°W in southern São Paulo state, Brazil. The field site is located at an elevation of 8 m a.s.l. in restinga forest (coastal sand dune) with closed canopy. Temperature ranges from 10-39°C, averaging 29°C, and rainfall averages 2 m yr -1 falling mostly between December and April. The primary ground-dwelling bromeliad species in the restinga used for all experiments is Quesnelia arvensis. This site has the highest diversity of bromeliad-dwelling invertebrate species of the 3 field sites, containing at least 66 prey species and 34 predatory species including 4 species of damselflies (see Supplementary material Appendix 1, Table A1 for invertebrate families and feeding guilds).
Área de Conservación Guanacaste (Pitilla sector), Costa Rica is located in northwestern Costa Rica at 10.98°N, 85.43°W, at an elevation of 700 m a.s.l. in secondary montane rainforest. Temperature ranges from 13-35°C with an average of 23°C and rainfall averages 4 m yr -1 , falling mostly between May and February. The most common bromeliad species used for experiments include Vriesea sanguinolenta, V. gladifolia, Guzmania sherzeriana, G.desautelsii, and G. donnell-smithii. This site has intermediate invertebrate diversity with a species pool of at least 33 prey species and 13 predatory species including 1 damselfly species (Supplementary material Appendix 1).
El Yunque National Forest, Puerto Rico is located within the Caribbean National Forest at 18.3°N, 65.5°W. Experimental sites were in montane rainforest, in the tabonuco forest type at 365 m a.s.l. under closed canopy. Temperature ranges from 16-33°C, averaging 28°C, and rainfall averages 3 m yr -1 . There are several species of bromeliads in the genera Guzmania, Vriesea, and Tillandsia, but Guzmania lingulata and Guzmania berteriona were used for all experiments. This site has the lowest diversity of the 3 field sites with at least 22 prey species and 10 predatory species, and is lacking damselflies in the species pool (Richardson 1999 (Richardson , 2011 ) (Supplementary material Appendix 1, Table A1 ).
Decomposition rate experiments
Experiments were conducted in Puerto Rico in February 2012, in Costa Rica in October of 2002 and 2012, and in Brazil in April 2011. Experiments were planned to occur within the period of heaviest rain at each site to control for water levels and avoid drought conditions in bromeliad tanks.
In each field site at least 27 bromeliads were selected representing the natural size range, measured as the maximum water-holding capacity of the bromeliad tank in ml (hereafter referred to as capacity). Capacity of bromeliads was estimated in situ by measuring maximum width and height of the plant, and number and basal width of leaves, and converting these to capacity using previously-established allometric equations (Brazil: n  53, R 2  0.87, Costa Rica: n  52, R 2  0.91, Puerto Rico: n  21, R 2  0.92). Bromeliad capacity ranged from 81 to 1836 ml in Brazil (40 bromeliads), 9 to 2841 ml in Costa Rica (40 bromeliads in 2002 and 27 bromeliads in 2012), and 19 ml to 540 ml in Puerto Rico (30 bromeliads). All bromeliads were undisturbed at the time of the experiment.
Two leaf packs were submerged in leaf wells of each bromeliad for 30 d (40 d in Costa Rica in 2002), to determine the rate of leaf decomposition reported as the exponential decay constant, 'k'. Leaf packs were 3  3 cm, and constructed of 2 mm diameter mesh. Leaf packs contained 200 mg ( 25%) dry mass (100 mg in 2002) of leaf fragments collected as fresh leaves, oven dried to constant mass, and re-hydrated for 24 h after being weighed. Leaf species in each site were selected based on three criteria: common in the study site, naturally found in bromeliad tanks, and rapidly decomposed in bromeliads as determined by week-long trials in leaf packs before the start of the experiment. Leaf species used were Myrtaceae: Psidium cattleianum in Brazil, Melastomataceae: Conostegia xalapensis in Costa Rica, and Melastomataceae: Miconia prasina in Puerto Rico. At the end of the experiment, the remaining leaf fragments in each leaf pack were rinsed to collect only coarse matter too large to fit through the mesh and oven dried to constant mass before being weighed.
Invertebrate community surveys
Ratios of predator:prey biomass across bromeliad size gradients were determined using previously collected data on the capacity and full invertebrate composition of bromeliads in each study site. Using several previously collected data sets of macroinvertebrate composition allowed us to better represent the study site, by incorporating data representing longer time periods (several years) and more bromeliads than could be collected over the course of the decomposition experiment. In all macroinvertebrate surveys, bromeliad capacity data was collected by rinsing all water, detritus, and invertebrates out of collected bromeliads and directly measuring the maximum volume of water that could be held in the leaf wells. Invertebrates were censused by dismantling the bromeliad and rinsing all material from the leaves, and collecting all macroscopic individuals greater than 1 mm. Invertebrates were identified to the lowest possible taxonomic level, and assigned to functional feeding guilds (collector/gatherer, filter feeder, shredder, scraper, predator; see Supplementary material Appendix 1, Table A1 for species numbers and feeding guilds by family found in each site). For the purpose of this analysis, the focus was on top-down control by predators,
Community composition surveys
Predator to prey ratios were calculated using the dry biomass of each trophic group, determined by converting invertebrate abundances from survey data to biomass using previously determined conversion factors (Srivastava, Romero and M. J. Richardson unpubl., median n per species  9, range  1 to 497). We accounted for intraspecific variation in size in common taxa  0.0005 g, either by sorting individuals into 5 size classes and determining the mass per size class (e.g. Coleoptera: Scirtidae, Diptera: Tipulidae and Tabanidae) or by measuring the total body length excluding caudal lamellae and calculating biomass using an allometric equation (Zygoptera: Brazil, n  7, r 2  0.98; Costa Rica, n  46, r 2  0.96). In 2010 in Puerto Rico, all individual lengths were measured and converted to biomass with allometric equations. Earlier years used the above conversion factor method. Relationships between predator:prey ratios and bromeliad size were determined using Spearman's rank correlations of log predator:prey ratio and log bromeliad capacity. To test the effects of predatory damselflies specifically on the predator:prey ratio, we repeated the analysis omitting damselflies from the Costa Rica dataset. We also examined how predator and prey biomass individually changed with bromeliad size using Spearman's rank correlation.
Leaf litter species comparisons
The effect of leaf quality on macroinvertebrate-driven decomposition was tested using a linear mixed effect model with leaf species and mesh size as factors with two levels, and bromeliad size as a continuous variable (package lme4 in R ver. 3.1.2, Bates et al. 2015) . We again quantified decomposition as the daily exponential decay rate, k. As our design had all four combinations of leaf species and mesh types represented within each bromeliad, we were able to include bromeliad identity as a random factor (i.e. a split-plot design). To ensure homogeneity of variances it was necessary to take the square root of the decay rate (k). Interactions among variables were tested using ANOVA with type 3 errors in the 'car' package in R (Fox and Weisberg 2011) .
Data available from the Dryad Digital Repository: < http://dx.doi.org/10.5061/dryad.fq18t > (LeCraw et al. 2016).
Results
Decomposition rate experiment
Litter decomposition varied across sites. Specifically, the average percent of original leaf litter lost ( SD) over 30 d was 52.4% ( 7.8) in Brazil, 25.5% ( 4.0) in Costa Rica and 49.6% ( 12.5) in Puerto Rico.
The relationship between decomposition rate, measured as the decay constant k, and bromeliad size also differed among the three sites (Fig. 1a, b, c) . There was no significant relationship in Brazil (r 38  0.12, p  0.45; Fig. 1a) , both significant and non-significant negative relationships in Costa Rica (2002: r 37  -0.68, p  0.01 and 2012: r 25  -0.18, p  0.38; Fig. 1b) , and a significant positive relationship in Puerto Rico (r 28  0.37, p  0.05; Fig. 1c ).
therefore the feeding guilds were separated into predators (single feeding guild), and prey (including all other macroinvertebrate feeding guilds). Surveys were conducted in Brazil in 2008 (Srivastava and Romero unpubl.), in Costa Rica in 1997 (Srivastava and J. Petermann unpubl.), and in Puerto Rico in 1993 , 1994 , 1996 , 1997 (Richardson 2011 .
Leaf litter species comparisons
To isolate the effect of leaf quality from the effects of experimental site and invertebrate community, we tested decomposition in Brazil comparing low quality native leaves from the restinga forest on Ilha do Cardoso (same species as used in multisite leaf pack experiment, Myrtaceae: Psidium cattleianum), and high quality leaves from the montane Atlantic rainforest (same family as leaf species used in Costa Rica and Puerto Rico, Melastomataceae: Miconia sp.). Miconia litter is reported to have lower lignin (13.25% in Miconia prasina) (Prather 2010) than Psidium litter (e.g. 18-35% by mass in Psidium guajava) (Camarena-Tello et al. 2015) . Lignin data is not available for Conestegia xalapensis from the Costa Rica site, however being in the Melastomataceae, with similar qualitative characteristics to Miconia sp. we have placed them in the same category of 'high quality' for the purposes of discussion. We repeated methods from the decomposition rate experiment, but included two mesh sizes of the litter bags to test the effect of macroinvertebrates on decomposition of the two leaf species: fine mesh (80 mm) to exclude macroinvertebrates but allow flow of water, bacterial, and fungal communities, and coarse mesh (2 mm) to also allow macroinvertebrates to access leaf litter. The coarse mesh was the same material used in the decomposition rate experiment. Lastly, we used a similar range of bromeliad sizes as in the decomposition rate experiment to test if different leaf species decompose at different rates based on bromeliad size.
Our experimental design contained all combinations of litter species (Psidium, Miconia) and mesh size (fine, coarse), replicated across a continuous gradient in bromeliad size (from 54 to 1639 ml, n  10 per treatment). Each bromeliad across the size gradient contained replicates of all four leaf pack treatments in the same plant and leaf packs were weighed, deployed, and collected after 30 d following the same protocol as in the decomposition rate experiment.
Analysis
Decomposition rate experiment
Decomposition rates were calculated by pooling the mass of both leaf packs. Mass of leaf litter lost was converted to the daily exponential decay rate 'k' to enable comparison between 2012 experiments (30 d) and the 2002 experiment (40 d). Note that time-series data was not collected to determine the shape of the decay curve; however, overall patterns were similar when analyzed with linear per-day rates, and the exponential rate 'k'. Due to heteroscedasticity in regression residuals of leaf decomposition data, relationships between bromeliad size (represented as log bromeliad capacity) and decomposition (represented as log k) were determined using Spearman's rank correlations.  0.00023; mean  SE) than the Psidium restinga litter (k  0.0144 -d  0.00043). However, the mesh size of the litter bags affected decomposition of each species differently (litter species  mesh size interaction: c 2 1  4.72, p  0.030; Fig. 2 ). Decomposition of Miconia was higher in coarse than fine mesh litter bags (Miconia litter bags only, mesh: c 2 1  5.48, p  0.019) whereas the opposite was true for Psidium (Psidium litter bags only, mesh: c 2 1  8.23, p  0.004). There was no effect of bromeliad volume on decomposition, either as a main effect or as part of an interaction (all c 2 1  0.77, p  0.38).
Discussion
Taken together, our results suggest that a relationship between habitat size and decomposition occurs in bromeliads, and the strength and even direction of the relationship can be understood in terms of how species traits and litter quality mediate top-down control. Few studies of other aquatic ecosystems have demonstrated both parts of this relationship -the effect of habitat size on top-down control, and the subsequent effect of top-down control on decomposition. One of the few other studies to examine both these aspects found that larger freshwater springs have greater taxonomic richness
Invertebrate community surveys
The survey data from previous years shows that the relationship between predator:prey biomass ratios and bromeliad size also differed among sites. In Brazil the predator:prey ratio increased with bromeliad size (r 23  0.80, p  0.01; Fig. 1d ), driven by a steep increase in predator biomass with bromeliad size (r 23  0.96, p  0.01) but a more gradual increase in prey biomass (r 23  0.73, p  0.01; Fig. 1g ). In Costa Rica the ratio also increased with bromeliad size (r 108  0.49, p  0.01; Fig. 1e) , again driven by a steep increase in predator biomass (r 108  0.66, p  0.01) and more gradual increase in prey biomass (r 108  0.71, p  0.01; Fig. 1h ) with bromeliad size. When we omitted M. modesta from the Costa Rican data, predator:prey ratios were then insensitive to bromeliad size (adj. R 2  0.01, p  0.69). In Puerto Rico the ratio significantly decreased with bromeliad size (r 78  -0.35, p  0.01; Fig. 1f ) due to a slight increase in prey biomass with bromeliad size (r 78  0.61, p  0.01) but no change in predator biomass (r 78  0.004, p  0.97; Fig. 1i ).
Leaf litter species comparisons
The leaf quality experiment in Brazil confirmed that the Miconia rainforest litter decomposed faster (k  0.0171 -d macroinvertebrates increased decomposition of the transplanted Miconia (rainforest) litter but not the resident Psidium (restinga) litter. We suspect that this difference between litter species is related to their chemical composition, although the precise mechanism is not the focus of our study. For example, lignin, known to be higher in Psidium sp. than Miconia sp. litter (Prather 2010 , Camarena-Tello et al. 2015 , can reduce the palatability of leaf litter to macroinvertebrate detritivores (Schindler and Gessner 2009, Fernandes et al. 2012) , and litter breakdown (Taylor et al. 1989) . If macroinvertebrates do not contribute to the decomposition of Psidium litter, then the trophic cascade from predators to detritus is broken. Indeed, previous studies have shown that damselflies at the Brazil site significantly reduced macroinvertebrate detritivore, filterer and grazer populations, but had no effect on decomposition of Psidium litter (LeCraw 2014). More broadly, resource quality has also been shown to influence the strength of top-down trophic cascades in other systems (Hall et al. 2007 , Garibaldi et al. 2011 , Jabiol et al. 2014 . When the macroinvertebrate community is decoupled from leaf litter decomposition, the microbial community likely dominates the decomposition process. Given the lack of relationship between decomposition and habitat size in the Brazil site, this may be an example of a system driven by lower trophic levels (bacterial and fungal communities) that are relatively insensitive to habitat size. Indeed, other studies have shown that microbial composition in restinga bromeliads is largely constant between bromeliad species differing substantially in size (Farjalla et al. 2012) , which supports our observation of no relationship between habitat size and decomposition. Despite the lack of macroinvertebrate influence on decomposition, the rate of leaf breakdown was still high in Brazil relative to the other sites (Fig. 1a,  c ; note difference in leaf loss scale), suggesting that rapid microbial decomposition processes had a strong influence on decomposition. The stronger influence of microbial decomposers, relative to macroinvertebrates, on decomposition in the Brazilian restinga has recently been supported in experiments (T. Bernabé pers. comm.).
Another potential mechanism underlying the lack of relationship between habitat size and decomposition observed in Brazil, is the presence of predator-resistant traits in prey. It has recently been shown in a terrestrial trophic cascade that anti-predator behaviour in prey can reverse the sign of the indirect effects between predators and basal resources (Wu et al. 2015) . Similar studies in aquatic systems have shown that behavioural predator resistance in prey can affect the strength of trophic cascades (Lagrue et al. 2015 , Ocasio-Torres et al. 2015 . Although we would predict that physical defences in prey will also affect the strength of trophic cascades, only a few studies have tested this prediction (Van Buskirk and McCollum 2000) . We observed such a pattern of physical prey defences reducing trophic cascade strength in our study due to the presence of a cased caddisfly, which is both predator resistant and an important shredder in Brazilian bromeliads. Bromeliad food webs tend to be driven by keystone species in each trophic level, and so the interactions between relatively few taxa can dominate the dynamics. For example, in Costa Rica, Mecistogaster modesta damselflies are the dominant predator, and most leaf litter of invertebrates and fish predators, but lower litter decomposition (Sangiorgio et al. 2010) . By contrast, many studies in aquatic habitats have demonstrated either the effect of top-down control on decomposition in fish-dominated systems (Greig and McIntosh 2006 , Mancinelli et al. 2007 , Lecerf and Richardson 2011 , or have shown increases in predator density with habitat size (Pearman 1995 , Wilcox 2001 , Brooks and Colburn 2012 . Our current study ties these results of previous studies together, and suggests the potential for habitat-size-decomposition relationships in those aquatic habitats with strong top-down, as opposed to bottom-up control. The key to predicting the relationship between habitat size and ecosystem functioning in a given context therefore lies in determining the primary direction of trophic control.
By integrating the results of the three separate experiments, we were able to identify both top-down and bottom-up mechanisms likely to determine contextdependence in the habitat size-decomposition relationship. We found that the relationship between leaf litter decomposition and habitat size differed by study site. Our results largely support both our initial hypotheses. First, in systems where decomposition is under strong top-down control by invertebrates, effects of habitat size on predators resulted in the effects of habitat size on decomposition in the opposite direction. Second, in systems where ecosystem processes are driven by bottom-up effects of litter quality, any effect of habitat size on trophic structure is not transmitted to decomposition. A summary of the integrated results of the three experiments, and proposed mechanisms is presented in Table 1 .
Our study suggests that litter quality was one of the most important determinants of the relative strength of bottom-up vs top-down control on decomposition. For example, in our leaf litter species comparison experiment, size than those at lower trophic levels, making top trophic levels more sensitive to habitat size (Drakare et al. 2006 ). An important aspect of our study was the comparison of patterns across geographically distant sites that varied in both biogeographic history and environmental conditions. This natural variation allowed us to not only determine if an ecosystem function had a general scaling relationship with habitat size, but to determine why or why not. In particular, the combination of geographically-replicated observations with within-site manipulations was essential in understanding site-specific effects in terms of trophic interactions and resource quality. The design does have limitations. For example, legal and ethical constraints to transporting organisms across country borders prevented us from examining all combination of litter and predator identity in all sites. However, replicating our experiment across multiple natural sites is a robust method to tease out some of the mechanisms responsible for context-dependence of results in this litter decomposition system. Future studies can be designed to confirm the mechanisms we propose in this study by using functionally analogous invertebrate and litter species to simulate communities typical of different regions in a common garden (Trzcinski et al. 2016) . Understanding these mechanisms driving context-dependence in habitat size-ecosystem function relationships will allow the synthesis of a broader range of studies in the future.
processing is due to Tipulidae larvae Bell 2009, LeCraw 2014) . Because the damselfly strongly reduces Tipulidae (and other detritivore) density (Srivastava and Bell 2009 , Starzomski et al. 2010 , LeCraw 2014 there are strong cascading effects of predators on leaf decomposition in Costa Rican bromeliads (Srivastava 2006 , Atwood et al. 2014 , LeCraw 2014 . Although damselflies Leptagrion elongatum and L. andromache are also top predators in the Brazil site, detrital shredding by the damselfly-resistant caddisfly larva Phylloicus bromeliarum may eclipse that of Tipulidae larvae in this site. Furthermore, the caddisfly occurs in all bromeliad sizes, decoupling decomposition from bromeliad size. Thus, in Brazil the trophic cascade may be broken in two places, one between detritivores and detrital decomposition (because of low leaf quality) and one between predators and a keystone detritivore (because of predatorresistant traits).
Finally, one of the strongest predictors for the strength of trophic cascades is the identity and metabolic activity of the top predator (Borer et al. 2005 ). In our study we observed that in sites with labile leaf litter, the strength of top-down control in the cascade was stronger when the top predator was a large-bodied damselfly rather than the smaller chironomid with limited predatory capabilities (Starzomski et al. 2010) . In Puerto Rico, for example, where chironomids are the top predator, the increase in macroinvertebrate prey biomass with bromeliad size in the absence of any change in predator biomass is consistent with strong bottom-up control of trophic biomasses (Petermann et al. 2015) . The insensitivity of predator biomass to bromeliad size in this site is expected by the absence of damselflies. This study confirms that, in Costa Rica, greater incidence of damselfly larvae in large bromeliads is largely responsible for the increase in predator biomass with bromeliad size (Petermann et al. 2015) , a result reported previously for species richness (Srivastava et al. 2008) . Thus, in Puerto Rico, although there are strong top-down effects of detritivores on decomposition (LeCraw 2014), these top-down effects do not originate at the predator trophic level.
The apparent patterns in our study of strong habitat size-decomposition relationships in the presence of large top predators, and a lack of relationship where bottom-up factors such as litter quality drive decomposition are therefore supported by other studies in aquatic systems. The applicability of this pattern outside aquatic habitats is less clear. Many studies in terrestrial habitats have measured the effect of habitat or patch-size on an ecosystem function (Klein 1989 , Valladares et al. 2006 ), but fewer have studied the pattern in the context of top-down control. Valladares et al. (2006) examined the effect of forest fragment size on a parasitoid-insect-plant trophic cascade, and found that rates of parasitism and herbivory declined equally with patch size, more consistent with bottom-up than top-down control (Fenoglio et al. 2012) . The mediation of habitat size effects on ecosystem functions by top-down control may be rarer in terrestrial systems (especially parasitoid-driven systems) since terrestrial food webs tend to be less structured by body size than aquatic systems (Shurin et al. 2006 ) with weaker trophic cascades (Shurin et al. 2002) . That is, it seems more likely for effects of habitat size on ecosystem functioning to occur when species at higher trophic levels are larger in body
